Introduction {#sec1-1}
============

Chicken meat and eggs are consumed in almost every country worldwide. Chicken meat is high in protein, and due to the price, is preferred more than beef in Indonesia \[[@ref1]\]. Successful poultry production can be affected by many factors, including parasitic intestinal infections \[[@ref2],[@ref3]\]. Intestinal parasites cause severe diseases at poultry farms, especially in developing countries, including Indonesia. The infection causes significant decreases in the productivity of poultry farms. *Ascaridia* *galli* is a common nematode found at high prevalence (92%) in chickens \[[@ref4]\]. Heavily infected chickens may suffer from significant damage to the integrity of the intestinal villi \[[@ref5],[@ref6]\]. Moreover, the intestinal mucosal defenses also change. One of said change is the thickening of the intestinal walls; the lumen itself appears to thicken as well due to enteritis. Another marked change is the appearance of the mucosal walls, which seems to be velvety. The aforementioned alterations lead to the nutrient absorption hindrance, resulting in slower body weight gain and a drop in egg production \[[@ref6]-[@ref9]\]. Many commercial anthelmintic drugs have been used in an attempt to control the parasitic infection of chickens.

Treatments using commercial anthelmintic drugs experience many problems, such as the high costs, environmental pollution risks, adverse effects on host health, and widespread anthelmintic resistance \[[@ref10]\]. In addition, the drug residues in poultry meat can lead to carcinogenesis and resistance to causative agents. Drug resistance is caused by suboptimal therapeutic effects \[[@ref3]\]. The development of the drug resistance of helminths to chemotherapeutical products deserves serious attention, and hence, it is necessary to find alternative treatments. Several studies have emphasized the importance of developing alternative ethnomedicinal agents extracted from plant materials such as *Areca catechu*. *A. catechu* (betel nut) belongs to the family *Arecaceae* and contains active substances such as flavonoids, tannins, saponins, monoterpenes, sesquiterpenes, phenols, quinones, and alkaloids (arecoline and arecaine) \[[@ref11]\]. The seed of *A. catechu* is valuable as an anthelmintic because it contains alkaloids, arecolines, and tannins. Arecoline is toxic to some parasitic nematodes and can cause paralysis. Proanthocyanidin (tannin condensation) inhibits enzymes and degrades membranes, which in turn reduce the energy production of the parasite, ultimately causing death.

Therefore, in this study, we evaluated the *in vitro* and *in vivo* effects of *A. catechu* crude aqueous extract (AAE) on *A. galli*.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

All stages of the research were approved by the Ethical Committee of Gadjah Mada University, Indonesia with reference number 00126/04/LPPT/XI/2018.

*In vitro* study {#sec2-2}
----------------

Already-slaughtered naturally infected chickens were collected from local slaughterhouses in Yogyakarta. The chicken intestines were carefully examined and transported to the Parasitological Laboratory of Gadjah Mada University, Yogyakarta. *A*. *galli* was obtained from the intestines and put into a Petri dish containing 0.62% saline solution. Sixty *A. galli* were soaked in each AEE concentration for 3-6 h. The number of deceased *A. galli* was recorded after no movement was observed from the individual under a stereo microscope. All image capturing processes were carried out using an Olympus Digital Camera under an Olympus CX21 microscope. The morphological characteristics of the parasites were identified.

AAE was prepared by cutting the *A. catechu* seeds into thin slices and drying them. Aquadestilata (100 ml) was then added to 10 g and 25 g of *A. catechu* to make up solutions of different concentrations. The solutions were then heated in an oven at 90°C for 15 min \[[@ref12]\] then filtered to obtain AAE at concentrations of 100 mg/ml and 250 mg/ml.

*In vivo* study {#sec2-3}
---------------

Forty females' 1.5-month-old chickens were infected with the eggs of *A. galli*. Approximately 3000 infective eggs were found in each chicken. Fecal observation and examinations were conducted for 56 days, and the number of eggs in the feces was counted using the McMaster method. Treatments were applied to four different groups; Group A served as the control and was treated with Aquadestilata, Group B was treated with 26 mg/ml of AAE, Group C was treated with 79 mg/ml of AAE, and Group D was treated with 50 mg/ml of pyrantel pamoate. AAE was applied for 14 days using a pipette. The observed parameters include the effect of the treatments on hematology, body weight (BW), and the number of the *A. galli* eggs per gram (EPG).

Observation and examinations were conducted before the treatments (pre-treatment) and after the treatments (post-treatment). Blood samples (0.5 ml/chicken) were drawn from the brachialis vena (in wings) using a syringe. These samples were then placed into flasks containing EDTA. Hemoglobin (Hb) contents, packed cell volume (PCV), total erythrocyte counts (TEC), and total leukocyte counts (TLC) were examined \[[@ref13]\].

Statistical analysis {#sec2-4}
--------------------

The quantitative data from the different treatments were statistically analyzed using one-way analysis of variance, t-test, and Chi-square analysis (x analysis). The morphology of the *A. galli* adult worms at different concentrations was determined using microscopic observations and analyzed descriptively.

Results {#sec1-3}
=======

The *in vitro* effects of AAE on the morphology of *A. galli* adult worms and the comparative characteristics are summarized in [Figure-1](#F1){ref-type="fig"}. *A. galli* has a yellow-whitish elongated, cylindrical, and semi-transparent body that tapers toward both ends. The whole body is enclosed in a robust and pertinacious cover called a cuticle. The triangular mouth opens at the extreme anterior end. As shown in [Figure-1](#F1){ref-type="fig"}, the teguments of the anterior ends that were exposed to AAE at concentrations of 250 mg/ml (a3) and 100 mg/ml (a2) were found to be slightly rougher and more wrinkled than those of the control (a1). The teguments of the posterior ends of females at concentrations of 250 mg/ml (b3) and 100 mg/ml (b2) were more damaged and wrinkled than the control (b1). The vulva appears to be irregular at concentrations of 250 mg/ml (c3) and 100 mg/ml (c2), while the indistinct duct of the vulva is observed, compared to the control (c1). The posterior end of the male appears to be irregular at concentrations of 250 mg/ml (d3) and 100 mg/ml (d2), while the indistinct line of the spicule forms is observed, compared to the control (d1).

![The morphology of *Ascaridia galli* not soaked in *Areca catechu* crude aqueous extract (AAE) (a1: Anterior end, b1: Female posterior end, c1: Vulva, d1: Male posterior end); the morphology of *A. galli* soaked in AAE at a concentration of 100 mg/ml (a2: Anterior end, b2: Female posterior end, c2: Vulva, d2: Male posterior end); and the morphology of *A. galli* soaked in AAE at a concentration of 250 mg/ml (a3: Anterior end, b3: Female posterior end, c3: Vulva, d3: Male posterior end).](Vetworld-12-877-g001){#F1}

The results of the variance analysis show that the application of AAE has a significant effect on the mortality rates of adult *A. galli* after 6 h of treatment (p\<0.05). The soaking durations at concentrations of 150 mg/ml to 250 mg/ml are significantly different (p\<0.05). The death of *A. galli* adults occur at a dosage of 125 mg/ml after 6 h of treatment. The most effective concentration for killing adult *A. galli* was found to be 250 mg/ml, which is equivalent to the chemical anthelmintics of pyrantel pamoate ([Table-1](#T1){ref-type="table"}).

###### 

The effects of AAE concentrations on the mortality rates of *Ascaridia galli* after immersion for 3-6 h.

  Treatments           3 h                                                                           6 h
  -------------------- ----------------------------------------------------------------------------- -----------------------------------------------------------------------------
  NaCl 0.62%           0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^    0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^
  AAE 100 mg/ml        0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^    0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^
  AAE 125 mg/ml        0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^    10.00±0.00^[b](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^
  AAE 150 mg/ml        0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^    11.70±0.00^[b](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^
  AAE 175 mg/ml        0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^    11.70±0.00^[b](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^
  AAE 200 mg/ml        0.00±0.00^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^    33.00±0.00^[c](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^
  AAE 225 mg/ml        1.70±0.107^[a](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^   48.30±0.10^[d](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^
  AAE 250 mg/ml        5±0.00^[b](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^       95.00±0.00^[e](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^
  Pyrantel pamoat 5%   8.3±0.10^[c](#t1f1){ref-type="table-fn"},[g](#t1f2){ref-type="table-fn"}^     91.70±0.00^[e](#t1f1){ref-type="table-fn"},[h](#t1f2){ref-type="table-fn"}^

Different superscripts in a column indicate significant differences (p\<0.05).

Different superscripts in a row indicate significant differences (p\<0.05), AAE=*Areca catechu* crude aqueous extract

The results of the variance analysis, summarized in [Table-2](#T2){ref-type="table"}, show that treatment with 79 mg/ml of AAE caused a significant difference (p\<0.05) compared to the control, while treatment with 26 mg/ml of AAE did not cause any significant difference. Treatment with 79 mg/ml of AAE caused a 90.06% decrease in EPG. This result is similar to that of the treatment with 50 mg/ml of the anthelmintic pyrantel pamoate (89.93%). The most effective dosage of AAE to decrease EPG is 79 mg/ml.

###### 

The effect of AAE on fecal egg counts.

  Treatment                   Pre-treatment   Post-treatment day 7   Post-treatment day 14   Mean FECR (%)
  --------------------------- --------------- ---------------------- ----------------------- -----------------------------------------
  Aquadestilata               1450±355.90     1655±386.90            1975±325.96             −16.73^[a](#t2f1){ref-type="table-fn"}^
  AAE 26 mg/ml                1285±434.01     1355±405.14            1555±238.57             −10.11^[a](#t2f1){ref-type="table-fn"}^
  AAE 79 mg/ml                1485±386.62     295±149.91             0±0.00                  90.06^[b](#t2f1){ref-type="table-fn"}^
  Pyrantel pamoate 50 mg/ml   1415±539.57     285±120.30             0±0.00                  89.93^[b](#t2f1){ref-type="table-fn"}^

Different superscripts indicate significant differences (p\<0.05). AAE=*Areca catechu* crude aqueous extract, FECR=Fecal egg count reduction

The t-test analysis in [Table-3](#T3){ref-type="table"} shows that there is a significant disparity in the weekly weight gain between the control chicken and those treated with different dosage of AAE. There is also a significant difference (p\<0.05) among pyrantel pamoate and the treatments of 26 mg/ml and 79 mg/ml of AAE. The application of 79 mg/ml of AAE results in the most significant BW gain, though it is not equal to the efficacy of pyrantel pamoate.

###### 

The effect of AAE on chicken body weight (g).

  Treatment                   Pre-treatment   Post-treatment day 7   Post-treatment day 14   Mean weight gain
  --------------------------- --------------- ---------------------- ----------------------- -------------------------------------------
  Aquadestilata               1132±77.29      1130±76.16             1124±71.06              −6±15.10^[a](#t3f1){ref-type="table-fn"}^
  AAE 26 mg/ml                1130±66.16      1132±66.80             1134±66.03              2±0.77^[b](#t3f1){ref-type="table-fn"}^
  AAE 79 mg/ml                1140±78.32      1186±80.58             1268±88.04              82±7.46^[c](#t3f1){ref-type="table-fn"}^
  Pyrantel pamoate 50 mg/ml   1142±46.62      1192±41.31             1280±37.71              88±3.60^d^

Different superscripts indicate significant differences (p\<0.05). AAE=*Areca catechu* crude aqueous extract

[Table-4](#T4){ref-type="table"} shows that there is a significant difference in TEC and TLC (p\<0.05) between pre-treatment and post-treatment for all treatments. There is also a considerable difference in the post-treatment (p\<0.05) between the application of AAE and the control. The most significant effect of 79 mg/ml of AAE exceeds the number of TEC as compared to the efficacy of pyrantel pamoate, but it has not been able to exceed the amount of TLC as compared to the efficacy of pyrantel pamoate. There is no significant difference in Hb and PCV between pre-treatment and post-treatment, but there is a substantial difference in Hb between AAE and the control. The most significant effect was found from 79 mg/ml of AAE, which is similar to the efficacy of pyrantel pamoate.

###### 

The effects of AAE on chicken hematology.

  Blood parameters            Group                                                                         Pre-treatment                                                                  Post-treatment
  --------------------------- ----------------------------------------------------------------------------- ------------------------------------------------------------------------------ -----------------------------------------------------------------------------
  Hb (g/dl)                   Aquadestilata                                                                 9.95±1.26^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^     8.60±0.63^[b](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^
  AAE 26 mg/ml                10.08±0.89^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^   9.07±1.23^[b](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^     
  AAE 79 mg/ml                9.45±1.25^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^    10.32±0.71^[b](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    
  Pyrantel pamoate 50 mg/ml   9.50±0.97^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^    10.02±0.75^[b](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    
  PCV (%)                     Aquadestilata                                                                 31.58±2.50^[a](#t4f1){ref-type="table-fn"}^                                    30.83±1.63^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^
  AAE 26 mg/ml                31.50±1.07^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^   30.58±1.075^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^   
  AAE 79 mg/ml                31±3.35^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^      31.50±1.38^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^    
  Pyrantel pamoate 50 mg/ml   30.67±2.66^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^   31.33±1.37^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^    
  TLC (10^3^/mm^3^)           Aquadestilata                                                                 34.75±7.67^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^    30.08±1.63^[b](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^
  AAE 26 mg/ml                34.75±5.95^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^   29.33±9.84^[b](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^    
  AAE 79 mg/ml                20.42±4.05^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^   21.42±7.45^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    
  Pyrantel pamoate 50 mg/ml   17.67±2.42^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^   22.58±3.41^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    
  TEC (million/UI)            Aquadestilata                                                                 3.17±0.93^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^     3.00±0.34^[a](#t4f1){ref-type="table-fn"},[f](#t4f2){ref-type="table-fn"}^
  AAE 26 mg/ml                2.82±0.25^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    2.70±0.33^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^     
  AAE 79 mg/ml                2.73±0.35^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    3.10±0.22^[b](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^     
  Pyrantel pamoate 50 mg/ml   2.97±0.34^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^    3.07±0.23^[a](#t4f1){ref-type="table-fn"},[g](#t4f2){ref-type="table-fn"}^     

Different superscripts in a row indicate significant differences (p\<0.05).

Different superscripts in a column indicate significant differences (p\<0.05). AAE=*Areca catechu* crude aqueous extract, Hb=Hemoglobin, PCV=Packed cell volume, TLC=Total leukocyte count, TEC=Total erythrocyte count

Discussion {#sec1-4}
==========

The phytochemical screening of *A. catechu* shows that it contains flavonoids, tannins, saponins, monoterpenes, sesquiterpenes, phenols, quinones, and alkaloids (arecoline and arecaine) \[[@ref11]\]. The death of the adult *A. galli* may be due to the presence of tannin and saponin in *A. catechu*. Tannin can affect the adult *A. galli* both directly and indirectly. Tannin affects *A. galli* directly by attaching to its cuticle \[[@ref14]\], which plays an essential multi-functional role in the protective and selective absorption functions of *A. galli*.

Furthermore, the cuticle of the nematode becomes a primary target site for anthelmintic drugs \[[@ref15]\]. These findings are similar to those of Roy *et al*. \[[@ref16]\], whereby *Acacia* *oxyphylla* induces cuticular aberrations in regular striations and damages the epicuticle and cuticle of the *A. galli* adult worms. Another study reports that *Calendula micrantha* extract wrinkles the surface and causes the loss of striations along the cuticle of *A*. *galli* \[[@ref17]\]. The active compound isolated from *A. oxyphylla* causes the disorganization of the body surface of *A. galli* \[[@ref16]\].

Similar results also show that tannin can damage the cuticle of *Haemonchus contortus*. Sambodo *et al*. \[[@ref18]\] evaluated the cuticle change of *H. contortus* with longitudinal and transversal wrinkles after *in vitro* exposure to *Biophytum persianum*, which is rich in condensed tannin. Wrinkles in the cuticle and anterior end of *H. contortus* were observed by Martínez-Ortíz-de-Montellano *et al*. \[[@ref19]\]. The cuticle reveals the form of adult worms and is involved in its motility and exchanges with the environment, including metabolic exchanges with the digestive tract of its host \[[@ref19]\]. In addition, a decrease in body length and width caused by tannin occurs in *H. contortus* \[[@ref20]\].

Phytochemical constituents that act to combat parasites utilize different mechanisms. Lorent *et al*. \[[@ref21]\] found that the cytotoxic activity of saponins means they can form pores on cell membranes which disrupt the ionic balance of the cell, resulting in cell lysis and death. Nyambuya *et al*. \[[@ref22]\] found that the alkaloid extracted from *Combretum zeyheri* can inhibit transport across cell membranes. In general, the mechanisms of anthelmintic activity in plant-based extracts may interfere with and combine cell membranes to elicit changes to cell composition. Consequently, this activity induces membrane destabilization, changes in membrane permeability, and the loss of membrane potentials, causing cell lysis, which subsequently damages the cuticle and causes morphological failure.

The results of the EPG in this study are consistent with a study by Feroza *et al*. \[[@ref23]\], which shows that the application of the ethanolic extract of papaya (*Carica papaya*) and neem (*Azadirachta indica*) seeds can decrease EPG values (by 99.5% and 97.7%, respectively). In addition, Akter *et al*. \[[@ref24]\] suggest that the application of pineapple leaf extract decreases the average EPG of *A. galli* from 300±11.07 to 60±7.40 within 28 days of pineapple treatment. This observation is consistent with the findings of Begum *et al*. \[[@ref25]\] who have conducted an *in vivo* study of aqueous pineapple leaf extract and reported a decrease in the EPG count of *A. galli* after 21 days post-treatment. Other studies show that different doses of pineapple (*Ananas comosus*) peel juice (PPJ) at 504 mg/kg BW PPJ and 255 mg/kg BW PPJ are considered effective on day 14 with 91.1% and 93.6% fecal egg count reductions test (%) of *A. galli*, respectively. Cormanes *et al*. \[[@ref26]\] showed that the application of flubendazole (1.43 mg/kg) reduces the egg numbers of *A. galli* by 65% and 88% on day 3 of treatment and by 99% and 97% on day 35 post-treatment. Tarbiat *et al*. \[[@ref27]\] suggested that a dose of 5000 mg/kg of *Artemisia* *campestris* essential oil shows a high nematocidal activity (72.1% FECR) in *H*. *contortus* on day 7 post-treatment \[[@ref28]\]. In this study, the decrease in EPG value may be caused by the presence of tannin and saponin in *A. catechu*. The alkaloids, flavonoids, saponins, steroids, anthraquinones, and tannins extracted from plants using hot water extraction and methanol can hamper embryonization and the egg hatching process causing the death of larvae \[[@ref29]\].

The BW changes in this study are consistent with those of Khokon *et al*. \[[@ref30]\], which suggests that the application of 1 g/kg of neem leaves causes a significant increase in chicken BW in the treatment group compared to the control. Raza *et al*. \[[@ref31]\] showed that the application of *A. comosus* extracts also increases chicken BW. According to Akter *et al*. \[[@ref24]\], the increase in chicken BW due to the use of pineapple leaf extract is significantly higher than that in control (p\<0.01). BW increases when the number of parasitic nematodes decreases by allowing increased absorption of nutrients into the chicken's body.

The blood examination (TEC, Hb, and PCV) results at 79 mg/ml AAE concentration are consistent with those of Akter *et al*. \[[@ref24]\] suggesting that pineapple leaf extract increases chicken TEC, Hb, and PCV values and decreases the TLC value. A study by Khokon *et al*. \[[@ref30]\] observes an increase in chicken TEC, Hb, and PVC values after the application of neem leaves (1 g/kg of BW). Therefore, the difference in TLC values in this study may result from the presence of other microorganisms that infected the chickens during the induction phase.

Conclusion {#sec1-5}
==========

AAE can cause changes in morphology and the death of *A. galli* adult parasitic nematodes *in vitro*. AAE can also effectively decrease ascariasis severity and increase BW in chickens.
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